The aim of this study was to determine whether clopidogrel plus aspirin provides greater protection against major cardiovascular events than aspirin alone in patients with peripheral arterial disease (PAD).
Introduction
Peripheral arterial disease (PAD) is a common manifestation of atherosclerosis, affecting an estimated 27million people in Europe and North America. 1 PAD is associated with an increased risk for cardiovascular events due to coexistence of coronary artery disease (CAD) and cerebrovascular disease (CVD), such events being more frequent than ischaemic limb events. 2, 3 There is a 20 -60% increased risk for myocardial infarction (MI), a two-to six-fold increased risk of cardiovascular death, and a 40% increased risk of stroke in patients with PAD. 4 These adverse consequences of PAD occur, in part, because many affected patients are not diagnosed, and those with known PAD often are undertreated. 5, 6 Antiplatelet therapy reduces the risk of MI, stroke, and vascular death in patients with PAD. The Antithrombotic Trialists' Collaboration meta-analysis of 42 trials including 9717 patients with PAD found a 22% odds reduction for adverse cardiovascular events (MI, stroke, or vascular death) in patients with PAD treated with antiplatelet therapy compared with those who were not treated. 7 Both aspirin and clopidogrel are recommended for patients with PAD. 4 Among the 6452 patients with PAD in the CAPRIE trial, clopidogrel reduced the risk of MI, stroke, or vascular death by 23.8% more than aspirin. 8 The combination of aspirin and clopidogrel is more effective in preventing adverse cardiovascular events than aspirin alone in high-risk groups including patients undergoing percutaneous coronary intervention, 9,10 patients with acute coronary syndromes without ST-segment elevation, 11 and patients with ST-elevation MI. 12 It is not known, however, whether dual antiplatelet therapy with aspirin plus clopidogrel is more effective than a single antiplatelet agent in patients with PAD. Analyses derived from the CAPRIE and CURE studies suggested that the absolute benefit of clopidogrel over aspirin was amplified in certain high-risk subgroups of patients. 13, 14 The combination of aspirin plus clopidogrel was most recently evaluated in the CHARISMA trial, which enrolled patients with either established atherothrombotic disease or multiple risk factors for atherothrombotic events. 15 In CHARISMA, dual antiplatelet therapy vs. aspirin alone was associated with a non-significant 7.1% relative risk reduction in MI, stroke, or cardiovascular death over a median of 28 months. 16 In a post hoc subgroup analysis of the CHARISMA population, patients with documented prior MI, ischaemic stroke, or symptomatic PAD appeared to derive significant benefit from dual antiplatelet therapy. 17 In this context, we hypothesized and pre-specified that longterm treatment with a combination of clopidogrel plus aspirin may provide greater protection against cardiovascular events than aspirin alone in the very high-risk subgroup of patients with either symptomatic or asymptomatic PAD from the CHARISMA trial.
Methods
The CHARISMA trial was a prospective, multicentre, randomized, double-blind, placebo-controlled study. It was approved by the Institutional Review Committee of each participating institution as well as by appropriate National Ethics Committees. All patients gave written informed consent. The details of the trial design have been published previously. 18 Briefly, patients with documented CAD, documented CVD, documented symptomatic PAD, or multiple atherothrombotic risk factors were randomly assigned to receive clopidogrel (75 mg per day) plus low-dose aspirin (75 -162 mg per day) or placebo plus low-dose aspirin and followed for a median of 28 months. This study includes the 3096 patients with PAD who were identified in the CHARISMA study. Of these, 2838 (91.7%) were symptomatic and 258 (8.4%) were asymptomatic. To fulfil the symptomatic PAD inclusion criterion, patients had to have either current intermittent claudication together with an ankle-brachial index (ABI) 0.85, or a history of intermittent claudication together with a previous related intervention (amputation, surgical or catheter-based peripheral revascularization). Asymptomatic patients with an ABI , 0.90 were identified among those with multiple risk factors.
Endpoints
The primary efficacy endpoint was the first occurrence of MI, stroke (of any cause), or death from cardiovascular causes (including haemorrhage). The principal secondary efficacy endpoints were the first occurrence of MI, stroke, death from cardiovascular causes, hospitalization for unstable angina, a transient ischaemic attack, or a revascularization procedure (coronary, cerebral, or peripheral). The primary safety endpoint was severe bleeding according to the GUSTO definition, 19 which includes fatal bleeding and intracranial haemorrhage, or bleeding that caused haemodynamic compromise requiring blood or fluid replacement, inotropic support, or surgical intervention. Moderate bleeding according to the GUSTO criteria, 19 which includes bleeding that led to transfusion but did not meet the criteria for severe bleeding, and other bleeding events, which were qualified as minor, were also examined. The study clinical events committee, whose members were unaware of treatment assignments, adjudicated all primary endpoints.
Statistical analysis
Data were analysed on an intention-to-treat basis, as described previously for the entire CHARISMA cohort. 15 All randomized subjects were included in the analysis. Subjects with no events were counted in the analysis and censored at the last known follow-up time (or time of death). Demographic and baseline characteristics were described using frequencies. Group comparisons were performed using the Pearson x 2 test. Cardiovascular endpoint rates were compared using hazard ratios (HRs) and 95% confidence intervals (CIs) generated from a Cox proportional hazard model and tested using the log-rank test. Odds ratios (ORs) and 95% CIs were generated for the bleeding endpoints. Statistical significance was accepted at the two-sided 0.05 level. Analyses were carried out using SAS w 8.02 (SAS Institute Inc., Cary, NC, USA). The proportional hazards assumption was examined by plotting the log(2log(survival)) vs. the log of survival time. The proportionality test in the SAS procedure for PROC PHREG was also implemented. Although there were some slight deviations from the normality assumption, the estimates provided should only be interpreted as the average effect over time. The authors had full access to the data and take responsibility for its integrity. All authors have read and agree to the manuscript as written.
Results
In the CHARISMA study, there were 15 603 participants, including 12 153 patients with established cardiovascular disease. Of these, 2838 patients had documented symptomatic PAD (Figure 1 ). In addition, there were 3284 patients with multiple atherothrombotic risk factors only. Of these, 258 patients had an ABI , 0.90 and were classified as patients with asymptomatic PAD. Hence, the current study includes the subset of 3096 patients with symptomatic or asymptomatic PAD.
Profile of patients with peripheral arterial disease
Considering the entire CHARISMA cohort, patients with PAD (symptomatic or not) were older than patients without PAD (median age 66 vs. 64 years; P , 0.001, Table 1 ). A prior history of MI, stroke, transient ischaemic attack, and percutaneous coronary intervention was reported less often in patients with PAD than in patients without PAD. Inclusion criteria of the present study explain these seemingly contradictory results. The majority (9315/12 341) of the patients without PAD had established CAD or CVD by definition of the inclusion criteria, whereas 3026/ 12 341 had multiple risk factors only. By comparison, PAD patients only needed to have PAD to be included in this group. Carotid endarterectomy and peripheral angioplasty or bypass surgery was more frequent in the PAD group. Concerning the atherothrombotic risk factors, the group of patients with PAD had a greater prevalence of smokers and a lesser prevalence of hypercholesterolaemia, diabetes, and diabetic nephropathy than patients without PAD (though this had to do with the inclusion criteria for patients enrolled into the trial with multiple risk factors). Overall, 85.9% of the patients with PAD received cardiovascular drugs vs. 93.3% of the patients without PAD (P , 0.001), respectively, including 72.7% vs. 77.9% who received statins (P , 0.001), 12.2% vs. 14.6% who received other lipid-lowering agents (P ¼ 0.001), and 36.0% vs. 43.1% received antidiabetic medications (P , 0.001). PAD patients tended to be on a lower dose of daily aspirin: daily aspirin , 100 mg 48.6% vs. 45.2%; daily aspirin ¼ 100 mg 31.9% vs. 31.8%; daily aspirin . 100 mg 19.4% vs. 23.0% in PAD vs. no PAD, respectively (P , 0.001).
Among the patients with PAD, asymptomatic patients were older than symptomatic patients by 2 years (median age 68 vs. 66 years; P ¼ 0.029) and included a larger proportion of women (40.7% vs. 29.1%, P , 0.001) ( Table 2) . Asymptomatic patients had more frequent history of stroke and transient ischaemic attack, whereas prior MI and vascular interventions (apart from peripheral angioplasty or bypass) were reported with similar rates in the two groups. Atherothrombotic risk factors, other than smoking, were also more frequent in asymptomatic than symptomatic patients (though again, this was likely due to the inclusion criteria of the trial).
Outcome of patients with peripheral arterial disease
The overall rate of cardiovascular death, MI, or stroke was 8.2% in patients with PAD and 6.8% in patients without PAD (HR, 1.25; 95% CI, 1.08-1.44; P ¼ 0.002, Table 3 ). Patients with PAD had also higher rates of death from any cause (HR, 1.80; 95% CI, 1.54 -2.11; P , 0.001), death from cardiovascular causes (HR, 1.73; 95% CI, 1.42-2.12; P , 0.001), MI (HR, 1.33, 95% CI, 1.05 -1.68; P ¼ 0.017), and hospitalization for ischaemic events (HR, 1.97; 95% CI, 1.78-2.17; P , 0.001). Though the rate of severe bleeding in patients with PAD (1.7%) was similar to that observed in patients without PAD (1.5%, P ¼ 0.30), the rate of moderate bleeding was significantly higher in patients with PAD (2.2% vs. 1.6%, P ¼ 0.032).
Outcome of patients with symptomatic PAD was similar to that of asymptomatic PAD patients (data not shown), except for the rate of hospitalization for ischaemic events, which was higher in symptomatic patients (18.9% vs. 11.2%, P ¼ 0.002).
Effect of clopidogrel or dual antiplatelet therapy in patients with peripheral arterial disease
In the subset of 3096 patients with PAD, 1545 patients were randomized to receive clopidogrel plus aspirin and 1551 patients were randomized to receive placebo plus aspirin. The baseline characteristics of these patients in the two randomized arms were well matched ( Table 4 ). The only difference was the prevalence of patients with a history of hypertension, which was lower in the clopidogrel group than in the placebo group (69.9% vs. 74.6%, P ¼ 0.004). Use of concomitant medication was also similar in the two treatment groups, except use of calcium antagonists, which was lower in the clopidogrel arm than in the placebo arm (38.5% vs. 43.1%, P ¼ 0.010).
After a median duration of follow-up in PAD patients of 26 months (28 months in the entire CHARISMA cohort), the overall rate of cardiovascular death, MI, or stroke (primary efficacy endpoint) was 7.6% in the clopidogrel group and 8.9% in the placebo group (HR, 0.85; 95% CI, 0.66-1.08; P ¼ 0.18, Table 5 ). A significant benefit was observed for the rate of MI, which was 2.3% in the clopidogrel group and 3.7% in the placebo group (HR, 0.63; 95% CI, 0.42-0.96; P ¼ 0.029), and for the rate of hospitalization for ischaemic events, which was 16.5% in the 
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Patients with PAD in CHARISMA clopidogrel group and 20.1% in the placebo group (HR, 0.81; 95% CI, 0.68 -0.95; P ¼ 0.011). The other efficacy outcomes were reported with similar rates in the two groups.
The rate of the primary safety endpoint (severe bleeding) was 1.7% in each treatment group (P ¼ 0.90). The rate of minor bleeding was 34.4% in the patients treated with clopidogrel, when compared with 20.8% in the group treated with placebo (P , 0.001).
Though the difference was not statistically significant, the rate of moderate bleeding was also higher in the clopidogrel group (2.5% vs. 1.9%, P ¼ 0.26). Among patient requiring revascularization procedures, there was a trend for a benefit of clopidogrel plus aspirin combination in all subgroups ( . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ . 
Data are presented as n (%) unless otherwise specified.
Discussion
In this post hoc subgroup analysis of the CHARISMA trial, major cardiovascular events occurred more frequently in patients with PAD, either symptomatic or not, when compared with patients enrolled with CAD or CVD or with multiple risk factors. The rate of cardiovascular death, MI, or stroke (primary endpoint) was significantly higher in patients with PAD than in those without PAD. These results are consistent with those of the REACH registry, which found an event rate of 5.4% at 1 year for the same composite endpoint in patients with established PAD. 20 Taken together, these observations underscore the fact that PAD has important prognostic implications for cardiovascular ischaemic events.
2,3
The primary efficacy and safety endpoints occurred with similar frequency in PAD patients treated with the combination of clopidogrel and aspirin and in those treated with aspirin alone.
Nonetheless, this analysis suggests that in patients with PAD, dual antiplatelet therapy with clopidogrel plus aspirin may provide some benefits compared with aspirin alone. The combination of clopidogrel with aspirin therapy reduced the rate of MI and the rate of hospitalization for ischaemic events, but at the cost of an increased rate of minor bleeding. MI, the endpoint for which a benefit of dual therapy was found, was also the least frequent among the endpoints, both in the PAD subgroup and in the overall CHARISMA population. PAD patients, independent of the treatment group, showed an increased rate of moderate bleeding (2.2% vs. 1.6%; P ¼ 0.032). The use of dual antiplatelet therapy to reduce cardiovascular events may be particularly relevant to high-risk groups of patients with atherothrombosis, as has been suggested previously. 13, 14, 21 In a separate post hoc analysis of a 'CAPRIE-like' subgroup of patients with documented prior MI, ischaemic stroke, or symptomatic PAD from the CHARISMA trial, there was a significant 1.7% absolute risk reduction in the composite of cardiovascular death, MI, or stroke in patients treated with clopidogrel plus aspirin vs. aspirin alone. 17 In that analysis, the PAD group included only symptomatic patients. We have extended the analyses to include all patients with PAD, whether symptomatic or asymptomatic, and specifically examined the efficacy of dual antiplatelet therapy in this population on the major secondary efficacy and safety endpoints. Our findings are consistent with observations made in the CAPRIE trial, 8 which showed reduced rate of cardiovascular events with clopidogrel compared with aspirin in the PAD subgroup, though the number of PAD patients in CHARISMA was considerably less than in CAPRIE, thereby limiting statistical power. In CHARISMA, addition of clopidogrel to aspirin appeared to confer benefits in terms of reducing MI and hospitalizations among patients with PAD. Given the well-known limitations and potential confounding of post hoc subset analyses, 22 -24 our results should be viewed as merely hypothesis generating and need confirmation with appropriately designed prospective studies. Nevertheless, the PAD subgroup represented a large part (20%) of the entire CHARISMA cohort and included more than 3000 patients.
In conclusion, in the CHARISMA trial, patients with symptomatic or asymptomatic PAD showed a worse outcome than patients without PAD, i.e. CAD or CVD patients or those with multiple risk factors. Dual antiplatelet therapy with clopidogrel plus aspirin provided some benefit over aspirin alone in patients with .......... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .........   . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... ..... 
